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RUTILE SINGLE CRYSTAL 

(57) Abstract 

PURPOSE: To obtain such a production method that 
when a single crystal chip is cut from a single crystal 
ingot, appearance defects such as cracks and chipping 
are hardly caused and that \A^en lots of single crystal 
chips are subjected to mirror finishing on a lapping 
table at one time, chips can be uniformly, efficientiy 
and accurately processed. 

CONSTITUTION: By this method, rutile single crystal 
optical parts having the optical axis <001> parallel to 
the processed plane are produced. A rutile single 
crystal ingot 20 is sliced in the direction crossing the 
optical plane <001> to obtain wafers 22, 23. from which 
tots of single crystal chips 24, 25 are segmented in 
such a manner that the optical plane of each chip is 
(110) plane. The obtd. single crystal chips are arranged 
and fixed on a surface plate with the (110) planes of 
the chips are aligned and then subjected to mirror 
finishing. 



20 



won 

r" 



1^ IIIOI |<»00)>' 

/<00» 22 

to "7 - - 1*- - r—^- V! 









CiiO) lb Ic 



-V Zb 



(19) 0J^:S#W/T ( J P) 



(A) 



(ll)#fftlil^<iirga#-§- 

#^¥8-220301 

(43) ^PB ¥^8^(1996) 8 ^30 0 



(51) Int. CI. ' 
G02B 1/02 

5/30 
// HOIL 21/304 



321 



F I 

G02B 1/02 
5/30 
HOIL 21/304 



321 









*ff* iS*«K)!Sc3 FD 


(^5S) 


(21) fctSP#-^ 


^M¥7-50650 


(71) fctl^A 


000237721 














(22) ttiP P 


¥^7^(1995)2^15 0 




EffIS 5 T B36#l 1 -S- 








(72)%BJ* 












m:S«P^ESr1il 5 T i36#ll-§- 


















(72)*BJ# 












M-^Mm^m 5 T S36#ll-S- 


















(74)ftSA 







(54) lM!^<^iS»l /w^/i-**SfB75>b'i5^*aJi?p<^?Sijt:tfj£ 



(57) {^m 

I«|J5S;] (001) grjiDXffitr azfrtr > 

-i-vrr-y N 2 o^TTt^ffi (0 0 1) »r*fbT3S^-t-SJ; 
5lw;^7'r^LT!?:3i/N2 2. 2 3 t L, -5:<7?!j7^/^7i=> 
fe)3t^ffi;is (110) aa4:75:SJ:p»e:#»<D¥iK^^s/ 

Sr. (1 1 0) ffiSr*i5x-Clt?>#(t!effi±»J:ia2?iJB 



A 

(OOl) 



zo 

















4 1 








i 






1 OIO) i 

1 ■ 


(100) ^ 



kiio) 




^t00|)_^22 





1 

lif*«il 5t*$iii <ooi> s^^)nx®^r¥^f^ci:5 

=^''yh^yt^m <0 0 1> \^^mir^X7\^^y-( 
X'^^y^tL. ^'!7^y^A^^ytmmA^ (110) mt^i 

W^Sk^y^^. ±X (110) ffi=SriU^Tflfi«?#ttS 

i&:)jmx'h^x. mf^^-{>=fy <ooi> 

mm\^i^Lxmm.i^mm\^ uio) sxismii-s i 5 
misivxm^^^y^i:^*) m-i-nnam 1 i5«twMjt;^ 

Xh^X. ^m^-<:^=^iy h^^^mzM\^X2 2. 5 

MLTSil:!- (110) ffi*sq^lr^i^;^,J; ^t^i-SJ^f-r- 
'S t^lr^J-^/N-^^MittlfS (110) ^mmcom^vz 
MLxmm^mmi^x^^^B^-y^^^'oiiih. -^<d 

(110) «I»fSSr#f*fwWH'iL.T^^SlwS?^-r51t* 
[000 1] 

yi'^^gH^B'f h?Sr^^*4 (0 0 1) icStLT^^i- 

*s (110) ffit/j:SJ;5Jr#lS<o^igfB^s/7'^«j?) 

at, *¥*grB5'i/:7'(73 (110) SSraJxrW^iDX 

?l?»cM-r5t>w-efcS« CWftJSli/i'f^yu^ieS (T i 
[0 0 0 2] 

mft- 7n— — 
(0 0 1) :^[6]lC^6i-So ^UT, 

(0 0 1) SrSspciLrmsw^i^^^ir^DmLWiiLr 

[0 00 3] 13 1 <7?AI45p^T¥1S®l-*DX-t-5C«JT-fo 
So 3t¥S4 (0 0 1) SrADXffitrsizi^ftr t Pijt^ffi 

(?t<DAfctiStffi)" 1 0 Sr«5ffiWS-rSo iaiWBIl^S 
jrinxL7t1gffiiff«i3t^ofiaj-c-fcs, (0 0 1) 




2 ) !|#M¥8- 2 2 0 3 0 1 

2 

—■)i<r>%'^m (Eli<oBT?ntfiffi(cttgi- 
^)^^Bni2) <ooi> trWfJr/jtoTv^S 

[0004] tSjgSJff-C-li, Jt^fii (001) ;5S3t#ffi 

[0 0 0 5] 

a 7 ^ST'^ iff S J: < ^IDXT'^ ^^i^-o t) . 
w^^iE (f?iDX) i;i#< <o^P.5i:#W*s***»Swi:*s4fe 
C S t' CO Pn^^ /is o fco • ^ J6Sijt3a^7JSM < . 

[0 0 0 6] *^B^CDS«3I4, *SfB'r>'=^S' hTi^b* 

[0 0 0 7] 

30 mm^mk-t^f:.t>(r>^m ^t^tis <oo 

1 ) Sr*DXffit3^=ff ic: i: S/wf^yP*;erB^^g|5p°proM5t 

='s'h&^#^ffi (0 0 1) ti*fL-c55S-r Si 51-^7 
-l'>^LT!?Jl/^^: -tro^>3i^^*»?5 3t^ffi*s (1 1 
0) ffii:?SS J: p»w#ISO¥^B^B5'5':^Sr^9lllU, ^ 
•jmLfc^^^grB.f^S':;^^:. ^-C (110) ffiSrttSi-C 

leifeSo 

[0 0 0 8] yt^n (001) SrADXffiJr sp=?7(r i: 

40 ^^i^m^^^^u&^mm-r^m. ^m^m^£:)iitLmx 

ADXiSSpItgTfoS. ft^eS'^iinXoBi: UTIi (10 0) 
Sfc^>v^|i (110) S!5i<i:*i45fcSd^ 'b*>^.^■?■'7)FB1 

H^B«o-i'>-=r5/ h;)it>S^<o:^^ffiT-rt;^?D (^^'I'ir^v 

'tsr i:/i5<t£ijpjLfcc Mir, ^^m^ii-^x^mmm^ 

50 *^"ftf^s/7'Sr. #»flA9W»t3tflS»;lA?)^d-»tT^ffi?5f 




( 3 ) 

3 

-[0 0 0 91 

(1 0 0) ffi;5^b^ffiir (1 1 0) ®^^«9tB 

Lfc^i±. (110) ffid^bSEic: (10 0) m^m 

<«ix.feti?)o (110) Sli (10 0) ffi 

*MfB^S'7'Sr. :feT (110) ffi^Sr«5;^.-CW^^^± 10 

izmm®i^\^-^\^xmm\zmm-ti>t. ±x<Dmm^ 
^yytmzmstx'^mxKmm^ix. i£»3#tt:t^i^ 

:fsmm^x\'^i-£\^m^\z.\-i. ^wt^r^'^yifm^mm 

jS A' 3^ M ^.f 5 7c i!Q , mm ^iX^'<''-v><r> L^m^-^ v ^ t. 
[0010] 20 

fs^WfigUf::, r(;5:^feco^-&. ^sgs^Bii^^tt (oo 
1) *|pl{^fiS;ftL. '^i-Y h/J^tbJxS, Ell 

{c:ii. lll2(DAlc*-ri5tc:, i" >'=i'5' h 2 0 Sr^^*6 

<ooi> \zmm^:^y-^ :^\^x^=^^^ 2 2 ^m'om-r 

(^»fSla) . :1W1?31/n2 2A»b!?^/^^»fM, fiP*> 

(0 0 1) ffitj:^?fLTati:ic^flitc (i i o) ffiT^smtv 

c) , ^UT, ^t)l±SUfc#t!c(0**SfB^?/7'2 4Sr, 30 
(110) S (^^fffilb) =Sr«i|xrifi«?#tt^ffiJi 

[ o 0 1 1 ] 0 1 wBtw^i-J: 5 timm.(r>%^U&>^m. 
Vf-r^^^\'\^. l2l2(0BlC^-ri 5t-, -)':/=fs/K2 
oSrJt^fi <0 0i) tr3s|-LT2 2. 5° ffl(t-C;^7't' 
;^L.-C!?i/^2 3Sr«]>}mi- m^Wlz) c CKD^^^i/n 
2 3;5-f>|>::^/^^ffffilw^LTSii:t:: (110) 
;Jt5<t 5(-«)^b (^Wffi2b) , Hlr-^ffffi2a, 2blrS 40 
iEJd^fr UT*;Sb^b5^ s/ :/ 2 5 Sr^ (3 ttJi- (^»fE2 
c) . ^UT. (110)® («I»fffi2b) <73-*WffiSr 

(Iti4° (0:ftS) W^LT«Str^J^i-5, 
\z.mw^\^tc^^^'ry:f^. ±X (110) ffi (^»f® 
2b) ^}ix-Cfifit)#(t:^ffiJ::lcBEJiJia^L, -gbT^ 

[0012] «J»riDX^«IiSr. WT¥«S(OJt*SfeD°o«0 
m^\t. «Iifffila. lb. IcCOHRlC, *n:«S<05t*«a5fp 50 




#M¥8-2 2 0 3 0 1 

4 

<73^-&l±, 2a. 2b, 2c<75)llHc:tT 5 w i: ^'7-;'i5'^9^ 
•>fc-:/j5'co«lv^*^fBf--/7'2 4. 2 5«r^t) tfli-;it 
;4ST-#fco rcoi 5'i^»fJ«;P4-«gffli-?.ott, (lo 

0) (11 0) ffi<tt)?SV^fc*. ^tffSla, 2aSrm 

X'^m-t^ t . ^ y i^Jd:?' 7 i!' W y f 
•5fc*T-fc5, -S/c^^fSlb, 2bC0^ffiWSADX-CliW 

[0 0 13] *^0J:Srfe/45*5a'ia*t:ioV^-C. 
mirS':5tM(rPL<SiHJ-r^), 3 m m7 i/T"!;: J; 

jet^o *-f , (10 0) ®^iu5 (110) m^tft^m 

^Vmv. ^rix^'ix3fi-rofflEb7to IS] 3 i 5 
(c, -?:^^^^^l 0 7DUD«<o-fe7 5 5'^';=^3tS3 OJ::. Ir) 

•f-i-it fc„ ^ L r <?r y •-/ h ^mx' t o :ft-PB^*DX bfc. 1 ^ 

[0014] 
1^1] 



IDXS 




(loo) a 


1 6 tfm 


(110)® 


2 0 tfin 



[0 0 15] «i*»t)^>74»5J;5»-. v'l'f'/i'^^Sli® 

:^fi:i3j;o-cii!*jrS:^t4*5fc(3, (ioo)ffi<^:^*s 
(110) ffiif^'bfflixllv^ri/JSi^^ii^S. ot£ 9 , 

(10 0) ffi*S*t,S!<, (10 0) ®A»C5 (110) 

m:}sm^m^x\^<\:i\^tzi>^ox^h*>'<^^ . (i i 

0) m-f)^MLh^hf>^<fi^o ®:?3;b^v^ffi<o:*-/45^S^)DX 
Lg<, ^5!v^ffi^o:^;45WBA0X'f »-«i4SAt)-^i-v^ r 
<D:Lii-f)-h. (1 1 0) ffi=S:Jt¥ffii:-t-5r ir*5*t» 

[0 0 16] Mt-Ei4jr^-t-ie»ir. 
3 0<Oii^^^^ro^*^jr (10 0) ffiSr-hlcLfc/u^/i'^ig 
Sf^yT'S 2 a Sr3«, a9<7?^3>Offl*gc(;: (110) 

mm^ft^vHiix. ±fztmm(o^wxmmmii'kn':> 

fco 4lH]coW^iADXSr^fofc^roiS5$(7^ffl!l;€^»Sr«2 
m:^t4;i5fo'3. (110) ffiJrit-^T (10 0) ®I4&J 

dSiltpJrotiTBS $ 9 :*ct < «i ^"C US 5, 
[0017]. 
[^2] 











1 






2 


12/im $tH]:&|RlfciS 




3 


1 1 um ^w:^f^izm 




4 


12 urn ^m^\^\zn 






12um 5cBJ^l6]fcJfi5 



[0 0 18] tSoT. ^O^flST-tt, ^T<7?/uf^>'U¥)i^ 



( 4 ) !|f5|liZ8-2 2 0 3 0 1 

6 

X^, ^hA^^^ (110) E^fi^xT^S^^i-^ r i: 

[0019] msst/^siif^j^^ (;?'-rir^>' K;i; •> 
(110) ffiTS-bfililr (10 0) ffi/iJ^ 
i p»c:^»rLfc#^i:, ( l 0 0) EA^tjSiSJr 

(110) mti^mta:ji,z^mvtzm^izo\,^x. 5^ 

s/f^^iS: (1 0 0) ^KfSt (110)^»f®»ro 
. V^T^g^alJ«Lfc^»T-$,•5o ll5<7?Ali^^®;!>5 (i 
10 O 0) ffiW^(^f^s/f V^^cO^^^STx S^iiElSCOBtt 
^Wffi^s (110) ffioii^(D5^s/tr:^:{^(D*t®Sr-?:tL 

[00 20] 
[^3] 









(100) M 


15 0 tfm 


5 0~60um 


(11 0) if 


5 0 uva 


2 0~3 0 lira 



[00 2 1 ] *3*-t>. m^m-fi^ (100) ffi-C'fo5« 

•&lilt'<T^ifS;i5 (110) ffiO^li. ^-yb-^'iJ^ 

^f)^^i.b\^. (1 0 0) ffi!:i (1 1 o) ffiJ;9t>5fv^ 

<OT% (10 0) ffiT-^^-rSi::i^s/v'f;i^7S/i5' 

yrT-^^^tjai-r^lr. 3t^ES: (llO) SirU, «cb 
*^v^ (110) ffiSrflT'^^-r^r irr-. 

[0 0 2 2] 



5r t/J5-C-tSo 



[0 2] *^0JJc:«5/U^yW*i^fiJt¥g|5f„(OAPXJIllJ^ 

30 II213] mm^\zm^^t:L^i'^/i'mm^^'^y<ofi^*)H 
ms] (10 0) ffit (110) mx'(Dmm^mi<ovt. 

10, 12 >t^ffi 

2 0 mm^-f'-^=f^>h 

2 2, 2 3 ^ J^/N 
40 2 4 , 2 5 m^S^S/T* 




( 5 ) 



2 0 3 0 1 



m2] 



105] 



A 
(ODD 



20 



(110) 



U/ 

(lOO) 



<\\o) 



^tOOJ)^^22 




<ooi: 



B 
(001) 



20 




(IIO) I 



(llO)i 



2a 



(110) 



(IIO) lb Ic 





2c 



2b 
22.5» 



25 



(lOO)IQ 



B 

(llO)i&i 



